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SUBSYSTEM MAME: AFT REACTION CONTROL STSTEH {RCS)
HE?ISIUH 2 12/12/89

PART NAME PART RUMBER
VENDOR NAME VERDOR WUMBER
LRU H VLY, AC MOTOR OPERATED MC284-0430-0005
5750023-103
LRU : VLV, AC MOTOR OPERATED MC284-D430-0008
' : §750024-103
LRY : VALVE, AC MOTOR DPERATED MC2B4-0430-0011
PARKER HANKIFIN 5750025-103
LR : VALVE, AC MOTOR OPERATED MC284-0430-0012
PARKER HANNIFIN- 5750026-103

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:

YALVE INTERCONKECT, TANK AND MANIFOLE ISOLATION, 3 PHASE 400 HZ AC
MOTOR OPERATED (115-200v) {LvZl7, 218, 227, 228, 237, 234, 247, 248,
asl, 262, 263, 264, 265, 266, 271, 272, 273, 274, 317, 318, 327, 328,
337, 338, 347, 348, 361, 362, 363, 364, 388, 366, 37l. 372, 373, 373).

QUANTITY OF LIXE ITEMS: 36
18 PER POD

FUMCTION:
THREE TANK IS0 VALYES ARE USEQ FOR EACH PROPELLANT TANK TG ISOLATE THE
TANK FROM THE DOWHSTREAM SYSTEM, THE MANIFQLD ISCLATION VALVE IS USED TO
ISOLATE PROPELLANT LEAKS IN EACH OF THE FOUR PRIMARY MAKIFOLOS, TWO
INTERCONNECT VALVES FOR EACH PROPELLANT ARE USED TD ALLOW INTERCOMNECT
TO THE PQD OMS OR CPPOSITE POD OMS OR RLS. THE VALVE BELLOWS FREVIDES A
BARRIER TQ PREVENT PROFELLANTS FROM REACHING THE ELECTRICAL COMPONENT
LOCATED IN THE ACTUATOR., THERMAL SWITCHES ON EACH AC PHASE [NTERRUPT
EkEEER[E?% POMER WHEN VALVE HOUSING TEMPFERATURE REACHES 255 DEGREES
HRENHEIT.
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REVISTONF 2 1271278%
SUBSYSTEM: AF, REACTION CONTROL SYSTEM (RC3)
LRU VLY, AC NOTOR OPERATED - CRITICALITY OF THIS
ITEM HAME: VALVE, AC MOTOR OPERATED . FAILURE MODE:1/1
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FATLURE MODE:
BELLOWS LEAK, STRUCTURAL FAILYRE, EXTERHAL LEAK

MISSION PHASE:

PL PRELAUNCH
Lo LIFT-OFF
H ON-ORBIT
Do DE-ORRIT
LS LANDING SAFING

VEHICLE /PAYLOAD/KIT EFFECTIVITY: 102 COLUMBIA
+ 103 DISCOVERY
* 104 ATLANTIS

CALSE:

PROPELLANT REACTION IN ACTUATOR ASSEMBLY, DEFORMED BELLOWS, WELD/MAT'L
DEFECT, SURGE PRESSURE, SHOCK, INSUFFICIENT KRYTQX FILL LEVELS,
VIBRATION, OMNT SEAL DAMAGE, JAMMED TRUNNION CAUSING SELLOWS TO DEFORM,
THERMAL SWITCHES FAILED CLOGSED.

CRITICALITY 1/1 DURING INTACT ABORT THLY? NO

REDUNDANCY SCREEN A) N/A

B} N/A
C) N/A
PASS/FAIL RATIUNALE:
A)
B)
c)
T " "_FAILURE EFFECTS =
(A} SUBSYSTEM:

L0SS OF VALVE FUNCTIOM, POSSIBLE EXTERNAL LEAK. ELECTRICAL INSULATION
DAMAGE CAUSING SHORTS AND POSSIBLE AUTO DECOMPOSITION OF MMH. THE
MECHAKISM OF FATILURE IS THAT MMH ATTACKS THE POTTING DN THE LIMIT
SWITCHES AND CONNECTOR WHICH COULD SHORT THESE SWITCHES AND CAUSE THE
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POWER TO BE APPLIED CONTINUNUSLY 7O THE AC MOTOR. ALTHOUGH THE MOTOR
"1 PROTECTED BY THERMAL 5wi"CHES, THE INSIDE GF THE MOTOR REACHES 450
DEG F BFFORE THEY CYCLE. THE MMH ALSQ ATTACKS THE INSULATION ON MOTOR
WINDINGS CAUSING THEM TO SHORT EITHER TO GROUKD OR WINDING- TO WINDING &
DRAWING HIGH CURKENT THROUGH THE MOTOR.

(B) INTERFACING SUBSYSTEM(S):

A SHORT IN THE AC MOTOR MAY CAUSE THE CIRCUIT BREAKER TD MOTOR CONTROL
ASSEMBLY TO TRIP CAUSING TEMFCRARY LOSS OF CONTROL OF ALL AC MOTOR
VALVES OH THAT Bus.  POSSIBLE POD CQRROSION OR FIRE UAMAGE.

{C) MISSION:
IF DETECTED, EARLY MISSION DECISION REQUIRED.

{0} CREW, VEMICLE, AMD ELEMENT(S):
POSSIBLE CREW/VEHICLE LOSS IF LEAX RESULTS IN EXCESSIVE LOSS OF
PROPELLANT INHIBITING ET SEP/ENTRY OR OVERPRESSURIZATION OF THE POD.

(E} FUNCTIONAL CRITICALITY EFFECTS:
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{A) DESIGH:

THE AC MOTOR VALVE IS 3-PHASE. 2 OF 3 PHASES ARE ADEQUATE FOR VALVE
FUNCTION, 400 MICRON FILTER AT INLET AND QUTLET LIMITS THE POTENTIAL
FOR CONTAMINATION.

THE VALVE HAS GPC, OR MANUAL COMMAND CAPABILITY, PARALLEL LIMIT
SWITCHES ARE PARTICLE IMPACT NOISE QETECTION (PIND) TESTED. INTERNAL
RELIEF DEVICE PREVENTS EXCESSIVE PRESSURE BUILODUP FROM THERMAL EFFECTS.

BELLOWS IN VALVE FLOW SECTION ISOLATE PROPELLANT FROM ACTUATOR
ELECTRICAL COMPONENTS. BELLOWS IS TWD PLY 003" TRICK RESISTANCE
WELDED TOGETHER AMD THEN E.B. WELDED TO TWO END PIECES WHICH ARE THEN
E.B., WELDED INTO THE VALVE., THE ODESIGN FACTOR OF SAFETY FOR BURSY
PRESSURE IS 2.0. THE BELLOWS IS FILLED WITH KRYTDX GREASE. SWITCHES
ARE MERMETICALLY SEALEO TO PREVENT PROPELLANT FROM REACHING CONTACTS.

ALL THREE PHASES OF THE MOTOR CONTAIN A THERMAL SWITCH, THE THERMAL
SWITCH PROVIDES OVERTEMPERATURE PROTECTEION FOR THE VALVE'S ACTUATOR.
THE SWITCK IS DESIGRED TO OPEN AT 255 DEGREES FAHRENHEIT AND CLOSE AT
225 DEGREES FAHRENBEIT.

{8) TEST:

THE QUALIFICATION TEST PROGRAM UTILTZED FOUR UNITS. THE TESTING
INCLUDED SHOCK, ENDURAMCE ({2500 CYCLES),THERMAL CYCLING (+20 TO +15Q
DEG F), RANDOM VIBRATION, PROPELLANT EXPOSURE, SURGE PRESSURE, BURST
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(2000 PSI)., THE VALVE WAS CONTINUQUSLY POWERED FOR SEVEH DAYS WITH
THERMAL SWITCAES CYCLING ON AND OFF (TEMP NOT ALLOWED TG EXCEED 300
DEGREES FAHRENHEIT),

THE UNIT IS ALSO) QUALIFIED AS PART OF THE PDD ASSY IN THE
VIBRO-ACOUSTIC TEST AT JSC (131 EQUIVALENT MISSIONS) AND THE HOT FIRE
TEST AT WSTF (24 EQUIVALENT MISSION DUTY CYCLES AND APPROX 7 YEARS OF
PRCPELLANT EXPOSURE).

ADDITIONAL QUALIFICATION TESTING TO BE PERFORMED FOR BELLOWS PROBLEMS
INCLUDE 100 MISSION LIFE TESTING (ACTUATING CYCLES AND SURGE PRESSURES)
ON VALVES WITH DAMAGED BELLOWS. THKREE UNITS WERE REMOVED FROM VEHICLES
AND SPARES WITH WORST CASE BELLOWS DISTORTION ALLOWED IN THE VEHICLE
FOR THIS TESTING. ACCEPTANCE TESTING INCLUOES INLET/OUTLET SCREEN |
RATING, POSITIVE ACTUATION BARRIER LEAKAGE, AND THERMAL FROTECTION
SWITCH (ALL AT THE SUBASSEMBLY LEVEL)., 1IN ADDITION, ACCEPTANCE
INCLUDES INTERNAL AND EXTERMAL LEAKAGE, RELIEF VALVE FUNCTION,
ACCEPTANCE VIBRATION,ELECT. PERFDRMANCE, PROOF PRESS,PRESSURE DROP,
CLEANLINESS AND PIND TESTING OF LIMIT SWITCHES,

ADDITIONAL ACCEPTANCE TEST FOR MEW VALVE BUILDS: ARE 1) HELILM MASS
SPEC OF THE BELLOWS FOR 30 MINUTES AT MAX LEAK RATE OF 10-8 SCCS. 2)
HELIUM MASS SPEC OF THE BELLOWS ASSEMBLY AFTER INSTALLATION INTO THE
VALVE BODY BUT PRIOR TO KRYTOX FILL FOR 30 MINUTES AT A MAX LEAK RATE
OF 10-7 5CCS, 3}REPEATED FILL WEIGH, AND CLEAN PARCESSES TO VERIFY
KRYTOX 15 OVER 95X FULL AND 4} X-RAY BEFORE AND AFTER PROOF PRESSURE TO
DEMONSTRATE NO BELLOWS LEAK. ALL INSTALLED VALYES HAVE BEEN X-RAYED AT
LEAST ONCE AND THE ACTUATOR CAVITY VERIFIED FREE OF PROPELLANT,

PRIOR TO FLIGKT, ALL VALVES ARE ACTUATED THROUGH AT LEAST ‘A COMPLETE
GFENING AND CLOSING CYCLE WITH A 1.3 SEC MAX COMMAND FROM A GROUND MOM.
™G ;#U PHASE DPERATION I5 CHECKED AFTER THE 1ST, STH, 10TH, AMD 20TH
FLIGHT. '

OMRSD PERFORMS THE FOLLOWING: TSOLATION VALVE ELECTRICAL VERIFICATION
OF MOD/POD THE FIRST FLIGHT AND ON A CONTINGENCY BASIS. A REDUNDANT
CIRCUIT VERIFICATION THE 1ST, 5TH, AND EVERY 5§ FLIGHTS THEREAFTER, AND
ON A COMTINGENCY BASIS. PROPELLANT TAMK 150 VLV LEAKAGE TEST THE 1ST,
FLIGHT AND OM A CONTINGENCY BASIS. PROP TANK 150 VLV RELIEF DEVICE C/0
JHE 10TH AND EVERY 10TH FLIGHT THEREAFTER, AND ON A CONTINGENCY BASIS.
CROSSFEED ISOLATION VLV LEAKAGE THE 1ST AND 10TH FLIGHT, AND EVERY 10
FLIGHTS THEREAFTER, AND ON A CONTINGENCY BASIS. CROSSFEED JSO VLV
RELIEF DEVICE C/0 OR A CONTINGENCY BASIS, A MANIFOLD ISO VLV LEAK TEST
THE FIRST AND FIFTH FLIGHT AND EVERY FIVE FLIGHTS THEREAFTER, AND AS A
CONTINGENCY WHEHEVER AN LRY 1§ REPLACED. A MANIFOLD ISQ VLY RELIEF
DEVICE C/0 TEST THE STH FLIGHT AND EVERY 5§ FLIGHTS THEREAFTER, OR AS A
CONTINGENCY FOR SUSPECTED RELIEF DEVICE FATLURE, AN ACTUATOR SREIFF

" TEST ON ALL AC MOTOR VLVS EVERY FLIGHT, IS0 VLV QPERATION AND PROPER
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fALKEAEE VERIFICATION EVSRY FLIGHT. THE PROPELLAMT LOADING FOR EACH
FLIGHT. MAKIFOLOS ARE AAINTAINED FULL DURING rdINARQUND. A
FUNCTIONAL CHECK OF THE CRIT 1 AC VALVWE EVERY FLIGHT.

(C) INSPECTION:
CONTAMINATION CONTROL '

CLEANLINESS TO LEYEL 200A FOR TYPE I (OXID) YALVE AKD TO LEVEL 200 FOR
TYPE 11 (FUEL) YALVE AND CORROSION PRUTECTION ARE VERIFIED BY
IRSPECTION. :

ASSEMBLY /INSTALLATION : ' :

RELIEF VALVE SEATS ARE VERIFIED TO BE FREE OF SURFACE DEFECTS BY
INSPECTION. LINSPECTION VERIFIES INSPECTION OF BALL, SHAFT, AND CAM
FOR CRITICAL TOLERANCES. CRITICAL DIMEWSIONS AMD SURFACE FINISHES ARE
VERIFIED BY INSPECTION.

NONDESTRUCTIVE EVALUATION :
CASTINGS ARE PENETRANT AND X-RAY INSPECTEO ON THE DETATL LEVEL.

WELDS RECEIVE VARLOUS COMBINATIONS OF X-RAY, PENETRANT, VISUAL AND
LEAK TESTS. (SOME WELDS, SUCH AS BELLOWS END WELDS, ARE NOT X-RAYED.)
BELLOWS END WELDS ARE LEAK TESTED AND VISUALLY EXAMIMED. VALVE IS
X-RAY INSPECTED AFTER PROOF TEST TO VERIFY BELLOWS IS NDT DEFORMED.

CRITICAL PROCESSES
WELDING PER EPS 5750023, SOLDERING PER NHB 5300.4(3A), AND KRYTOX FILL
PER 2EPS 5750023 ARE VERIFIED BY IMSPECTION.

TESTING
ATP 1S WITHESSED AND VERLFIED BY INSPECTION.

HANDLING/PACKAGING
PACKAGING PROCEDURES ARE VERIFIED BY INSPECTION.

(D} FAILURE HISTORY:

A TQTAL OF 13 BELLOWS FAILURES HAYE BEEN RECORDED TO DATE FOR-THE CMS
AND RCS. THESE FAILURES RESULT IK AR ACCUMULATION OF -
PROPELLANT/PROPELLANT VAPOR IN THE ACTUATOR ASSEMBLY, AND IN 7 CASES
RESULTED IN THE FATLURE OF THE VALVE TO FUNCTION. THE REMAINOER OF THE
FATLURES WERE DETECTED BY A SNIFF TEST OF THE ACTUATOR CAVITY.

(1) CAR AC9013 RECORDS EIGHT BELLOWS FAILURES DUE TO PGROSITY {POROUS
WELDS AT END COLLAR OR IN PARENT MATERIAL OF THE BELLODWS.

2] CAR ADOD3S RECORDS FOUR BELLOWS FAILURES DUE TO COLLAPSED BELLOWS
INCLUDES GNE FAILURE FROM IYEM (1) ABOVE WHICH ALSQ EXHIBITED

POROSITY). THE BELLOWS COLLAPSE I5 BELIEVED TO BE THE RESULT OF ATP

PROOF PRESSURE TESTING FOR BELLOWS WITH AN INADEQUATE KRYTOX GREASE

- FILL LEVEL.
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k3) CARS AD3375 AND AD1730 ARE TWO LEAKAGE FATLURES WHICH HAVE NOT
- BEEN EVALUATED YET, BUT ARE SELItVED TO BE CAUSEQ BY CONCIVION (1)
SINCE THEY ARE DETECTED BY SHIFF TE3T.

CORRECTIVE ACTION:

ALL INSTALLED VALVES HAYE BEEM INSPECTED 8Y X-RAY FOR BELLOWS
DEFORMATION: VALVES WITH AN UNACCEPTABLE LEVEL OF DEFORMATION

(CRITERIA DEFINED IN RI SPEC MPPSDIMTS07MO8) WILL BE REP{ACED BEFORE
FLIGHT. SNIFF LINES ARE BEING ADDED TO EACK VALVE TO ALLOW A SNIFF
TEST 10 BE PERFORMED EACH FLIGHT WITHOUT REQUIRING PCD REMOVAL.
IMPROVED WELD PROCESSES AND TIGHTER BELLOWS LEAK CHECK CRIVERIA, ALONG
WITH AN IMPROVED PROCESS FOR FILLING THE BELLOWS WITH KRYTOX, HAYE BEEN
IMPLEMENTED FOR FUTURE WALVE BUILDS,

A TEST PROGRAM WAS CONDUCTED USING TWO AC MOTORS AND TWO COMPLETE
ACTUATORS TO DETERMINE IF LGNITEON OF THE MMH VAPOR TNSIDE THE

ACTUATOR WAS POSSIBLE WITH CONDITIONS RESULTING FROM THE APPLICATION OF
ELECTRICAL POWER. IN THE MOTOR ONLY TESTS, MOTOR FAILURE AS A RESULT
OF MMH AITACK OF THE MOTOR WINDING INSULATION OCCURRED AFTER & DAYS (9
STALL CYCLES). PEAK MOTOR TEMPERATURES WERE APPROXIMATELY 400 DEG. F
EXCEPT DURING THE SHORTING, WHEN MELTING OF THE COPPER

‘.HINDIHGS INDICATER A LOCAL TEMPERATURE OF AFPROX, 1500 DEG, F., WHILE NG
IENLTIUN ULLUKMEL, 1E313 JPumcd inmd UMbt THERAALLY LHUULED

DECOMPOSITION TODK PLACE: HOMEVER, IT WAS MOT SUFFICIENT TO PRODUCE A
SUSTAINED REACTION.

ONE ACTUATOR TEST WAS PERFORMED BY STALLING THE MOTOR; THESE TESTS
SHOWED & MAY MOTOR CASE TEMP OF APPROXIMATELY 340 DEG F. THIS TEST
WAS INTERRUPTED BY AN UNRELATED FAILURE AFTER LESS THAN TWD DAYS AND
WILL BE RE=RUN. THE OTHER ACTUATOR WAS RUN WITH NORMAL VALVE CYCLES
{HO MOTOR STALLINGY; THIS ACTUATOR FUNCTIONED NORMALLY THROUGHOUT THE
ENTIRE 50-DAY TEST DURATIQM,

A DELTA VERIFICATION TEST WAS CONDUCTED ON THE THREE VALVES WITH WORST
CASE BELLOWS DEFORMATION (THAT WOULD HAVE BEEN ALLOWED TO REMAIN ON THE
FLIGHT VEHICLES BY THE BELLOWS X-RAY CRITERIA). THIS TEST WAS INTENDED
TD DEMONSTRATE THAT THERE WAS NO BELLOWS LIFE ISSUE WITH THE DEGREE GF
DEFQRMATION IN THE BELLOWS LEFT ON THE FLIGHT VEHICLES. ALL THREE
VALVES DEVELOPED BELLOWS LEAKS (REF CAR AD1637) DURING THE TEST.

ONE VALVE COMPLETED 50 MISSIONS; THE OTHER TWO HAD COMPLETED 5

MISSIONS AT THE TIME THE LEAKAGE WAS DETECTED. THE LEAKAGE WAS LESS
THAN 1 X 10-6 SCCH OF HELIUM WITH KRYTOX IN THE BELLOWS. THE 50 -
MISSION VALVE MAS BEEN TORN DOWN FOR FAILURE AMALYSIS: WHENW THE KRYTOX
WAS REMOVED, THE LEAKAGE WAS OVER 0,5 SCCS THROUGH THREE DIFFERENT LEAK
PATHS, THE FAILURE WAS ATTRIBUTED TO FATIGUE. -
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THE TWO VALVES THAT FAILED AT § MISSIONS HAD PREVIOUSLY COMPLETED FIVE
AND SIX ACTUAL MISSIONS RESPECTIVELY; THESE vA.VES COMPLETED AM
ADDITIONAL § MISSIONS AFTER THE FAILURES WERE DETECTED. THESE VALVES
HAVE BEEN PLACED IN A PROPELLANT COMPATIEILITY TEST TQ (A} DETERMINE
THE RELATIONSHIP BETWELN HELTUM AND PROFELLANT [EAKAGE AND {B) VERIFY
THAT A FAILED BELLOWS WOULD BE DETECTASLE BY SNIFF TEST BEFORE THE
PROFELLANT CAUSED THE VALVE TO FAIL TO FUNCTION. THE VALVE EXPOSED TO
OXIDIZER SHOWED SIGHS OF LEAKAGE WITHIN THE FIRST DAY (288 PPM} AND
AFTER 30 DAYS THE LEVEL OF OXIDIZER CONCENTRATION WAS 19000 PPM,

THE OXIDIZER VALVE WAS CYCLED OPEN AND CLOSED EVERY THREE TO FIVE DAYS
DURING THIS PERIOD ARD THE OMLY DEGRADATION WAS A SLIGHTLY SLOMWER
ACTUATION TIME, THE VALVE EXPOSED TO FUEL HAS SHOWN NO DETECTABLE *MM
VAPOR, AND HAS SUFFERED NO OEGRADATION IN FUNCTION.

TO DATE, THE DATA ACCUMULATED DEMONSTRATES THAT THE EACH-FLIGHT SNLFF
TEST WILL TOENTIFY A FAILED BELLOWS BEFQRE THE PROPELLANT VAPUR CAN
ACCUMULATE IN THE ACTUATOR TO THE EXTENT THAT THE YALVE FUNCTION IS
IMPATRED OR A DETONATION HAZARD EXISTS.

(E} DPERATTONAL USE:

IF ALL PROPELLANT 1S LOST, USE CROSSFEED FROM THE GOOD SYSTEM,
PROPELLANT WILL PROBABLY NOT BE SUFFICIENT TO PERFORM NOMINAL EKTRY,
MANIFOLD AND CROSSFEED VALVE FAILLRES CAN BE ISOLATED WITH TANK IS0
VLVS, 1IF THE AC POMER TO THE VALVE IS TURNED ON WITHOUT A COMMAND OR
REMAINS ON, SWITCH EFFECTED VLVS TO GPC TO REMOVE POWER. 1IF AC CIRCUIT
BREAKER IS TRIPPED, REMOVE POWER TO THE EFFECTED VALVE BY PLACING
SWITCH IN GPC AND RESETTING CIRCUIT BREAKER.
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